and Summed feature 3 (C 16:1 ω7C and/or C 16:1 ω6C) as major fatty acids. During a project to investigate the bacterial community in a forest soil from Zhejiang province, China, one bacterial strain, WW 10 T , was isolated and submitted to a polyphasic taxonomy study. Phylogenetic analysis showed that strain WW 10 T formed a monophyletic cluster within the genus Azospirillum. It showed sequence similarities with its two closest neighbors, A. rugosum DSM 19657 T and A. canadense LMG 23617 T , of only about 96.3% and 94.9%, respectively (Mehnaz et al., 2007a; Young et al., 2008) . Moreover, a partial fragment of the chaperonin (cpn60) gene was also amplifi ed and displayed a similar topology and phylogenetic position for the new isolate. We hereby conducted a polyphasic taxonomic study on the new isolate and propose its description as a new species which belongs to the typical nitrogen-fi xation genus (Azospirillum) but without nitrogen fi xation activity.
Materials and Methods
Bacterial strain and culture conditions. Strain WW 10 T was isolated from a forest soil sample in Zhejiang province, southeast of China using the medium (TYB medium, containing 0.3% yeast extract, 0.2% beef extract, 0.6% tryptone, 0.3% NaCl and 0.001% FeCl 3 ; pH=7.0 0.5) and methods described previously (Wei et al., 2008) . Unless otherwise indicated, the new isolate was routinely cultivated using TYB medium at 37 C, and the pure culture was preserved in a 25% (v/v) glycerol solution in distilled water at 80 C.
Morphological, biochemical and physiological characterization. The morphological characteristics of the strain WW 10 T were observed by light microscopy (model XTL-3400; Olympus) and transmission electron microscopy (TEM; model H-7650, Hitachi) after it was incubated for 18 h at 37 C on TYB agar. The electron microscopy preparations were performed as described by Yoon et al. (2003) .
Acid production from carbohydrates was investigated using the media and methods described by Yamaguchi and Yokoe (2000) . Utilization of various carbon sources was investigated by using modifi ed ammonia salt-sugar medium containing 1% (w/v) of each tested carbon source as described by Zhou et al. (2007) . Growth was tested at 4, 10, 15, 20, 25, 30, 35, 37, 40, 42 and 45 C in TYB broth. NaCl and pH tolerances were determined using modifi ed TYB broth adjusted to various NaCl concentrations (0 10%) and pH (2.0 10.0) by incubation at 37 C for 24 h in shake fl asks (180 r.p.m.). Oxidase activity was tested using oxidase reagent (bioMérieux, France) and catalase activity was determined by bubble production in 3% (v/v) hydrogen peroxide solution. Nitrate reduction was determined using liquid medium K as described by Doronina et al. (1998) . Motility of the bacterial cells was studied on TYB swarming agar (0.3% agar, w/v) and fl agella observation at exponentially growing cultures by TEM. Physiological and biochemical properties like acid production from carbohydrates, nitrate and nitrite reduction and most enzyme activities were further examined by API 20 NE and API 50 CHB (bioMérieux, France) according to the manufacturer s instructions. Nitrogen-fi xing activity was examined using the medium (semi-solid M medium) for acetylene reduction assay as described by Mehnaz and Lazarovits (2006) . Gram-staining and other physiological characteristics were performed according to the method of Smibert and Krieg (1994) .
Chemotaxonomic markers of strain WW 10 T were analyzed and compared with its closest phylogenetic neighbors. Cellular fatty acid composition was tested (Sasser, 1990 ) using the Microbial Identifi cation System (MIDI, Inc., USA). Respiratory quinones were extracted from lyophilized cells and the samples were purifi ed and analyzed by reverse-phase high performance liquid chromatography (HPLC) using the procedures reported by Hu et al. (2001) . Genomic DNA was prepared for the base composition following the procedures of Marmur (1961) . The DNA G C base content of the strain WW 10 T was determined by reverse-phase HPLC according to Mesbah et al. (1989) using strain Escherichia coli DH5α to emend the standard deviation. Phylogenetic analysis. PCR amplifi cation of 16S rRNA gene was performed as described by Li et al. (2007) . The chaperonin (cpn60) gene and nifH gene were amplifi ed using oligonucleotide primers and conditions described by Mehnaz et al. (2007a) . The obtained gene sequences (cpn60 and 16S rRNA) were manually aligned with their reference sequences retrieved from GenBank database following BLAST searches. Phylogenetic trees were constructed using the software package MEGA version 3.1 (Kumar et al., 2004) after multiple alignment of data by CLUSTAL_X (Thompson et al., 1997) . Nucleotide sequence similarities and DNA gaps were calculated and edited using the BioEdit program (Hall, 1999) . The corrected evolutionary distance was calculated according to Kimura s two-parameter model (Kimura, 1980 (Kimura, , 1983 and clustering was based on the neighbor-joining (NJ) and maximum-parsimony (MP) methods. Bootstrap analysis was used to evaluate tree topology of the phylogenetic data by performing 1,000 resamplings (Felsenstein, 1985) .
Results and Discussion

Phenotypic characteristics
Cells are Gram-negative, mobile with peritrichous fl agella, aerobic and rod-shaped (0.6 1.0 2.0 2.6 μm) (Fig. 1) . Colonies are circular, fl at and light yellow colored on TYB agar with diameters about 2.0 5.0 mm after 2 days cultivation at 37 C. The colonies are hard and not easy picked up by inoculation loop when cultivated at 37 C more than 3 days.
Like its closest phylogenetic neighbors of Azospirillum rugosum and Roseomonas genomospecies 6, the new isolate showed mesophilic growth. Growth occurs at 15 42 C (optimum 30 37 C) and pH 5.0 9.0 (optimum 6.0 8.0). Starch and Tween 80 are hydrolyzed, but gelatin is not. About twenty carbohydrates were utilized in API systems and traditional tests (data are shown in species description). Carbohydrates utilization tests indicated that strain WW 10 T showed a wide nutritional spectrum for organic substrates, but DNA, acetamide and tartrate were not utilized as sole carbon sources. Nitrate or nitrite is not reduced. Nitrogen-fi xation activity was not detected using acetylene reduction methods. The physiological and biochemical properties useful for distinguishing strain WW 10 T from its four closest related species are shown in Table  1 .
A large amount of Q-10 (65.8%), a moderate component of Q-9 (30.1%) and a minor of Q-8 (4%) were detected in the respiratory quinone system of strain WW 
10
T compared to predominant Q-10 in other members of genera Azospirillum and Roseomonas. Respiratory quinone Q-9 is only detected as a minor component in other members of genera Azospirillum or Roseomonas. Major fatty acids of strain WW 10 T contained C 18:1 ω7C (35.9%), Cyclo-C 19:0 ω8C (32.1%) and C 16:0 (13.0%). Fatty acids C 18:1 ω7C and Summed feature 3 were diagnosed as major composition for Azospirillum bacteria (Table 2) ; fatty acids C 18:1 ω7C and C 18:1 2-OH were detected as the major compo- (Tarrand et al., 1978) ; 5, Roseomonas genomospecies 6 ATCC 49961 T (Rihs et al., 1993) .
nent for the genus Roseomonas (Weyant and Whitney, 2005) . One of the major fatty acids, cyclo-C 19:0 ω8C of strain WW 10 T , was not detected in the members of genus Roseomonas, but often displayed in Azospirillumlike bacteria. The detailed fatty acid profi les that separated strain WW 10 T from its closest neighbors are displayed in Table 2 .
Phylogenetic analysis
The almost complete 16S rRNA gene and partial cpn60 gene sequences (1,480 bp and 374 bp, respectively) were determined for the isolate WW 10 T . The nitrogenase gene (nifH) was not amplifi ed by using the universal primers and conditions reported before; the molecular test was consistent with the result of physiological examination which determined nitrogen-fi xing activity. The NJ and MP phylogenetic tree constructed from 16S rRNA gene sequences revealed that strain WW 
10
T belongs to the genus Azospirillum and formed a separate branch with four validly described species of A. rugosum, A. canadense, A. brasilense and Roseomonas genomospecies 6 (Fig. 2) T ), was about 94.5%. The phylogenetic tree constructed from cpn60 gene sequences showed a similar topology and phylogenetic position for the strain WW 10 T (Fig. 3) . The cpn60 gene sequence similarities of strain WW 10 T with its closest neighbors (A. canadense LMG 23617 T ) were about 90%. The DNA G+C content of WW 10 T was about 67.3% with a standard deviation of 0.64% (emended by E. coli DH5α).
Taxonomic conclusion
Although phylogenetic analysis based on 16S rRNA gene and cpn60 gene confi rmed the new isolate WW 10 T to be a member of the genus Azospirillum, strain WW 
10
T can easily be differentiated from four closest species (A. rugosum, A. canadense, A. brasilense and Roseomonas genomospecies 6) by means of phylogenetic position, signifi cant distinctions of chemotaxonomic features (major fatty acids and respiratory quinone profi les) and some important physiological reactions (such as nitrogen-fi xation and nitrate reduction). On the basis of phylogenetic and chemotaxonomic evidence together with comparative physiological-biochemical characteristics presented in the polyphasic taxonomic study, the newly isolated strain WW 10 T should be a representative of a new species in the genus Azospirillum for which the name Azospirillum palatum sp. nov., is proposed.
Description of Azospirillum palatum sp. nov.
Azospirillum palatum (pa.la tum. L. neut. adj. palatum hard, the rigid characteristic of colonies).
Cells are Gram-negative, motile with peritrichous fl agella, mesophilic and rod-shaped (0.6 1.0 2.0 2.6 μm). Colonies are light yellow colored, circular and fl at after 2 days cultivation on TYB agar. Growth occurs at 15 42 C (optimum 30 37 C) and pH 5.0 9.0 (optimum pH 6.0 8.0). Growth occurs in modifi ed TYB me- Fatty acid values are given as a percentage of the total peak area. Fatty acids representing less than 1.0% in all tested strains were omitted. The predominant fatty acids of Roseomonas genomospecies 6 are C 18:1 ω7C and C 18:1 2-OH and its detailed fatty acids are not shown (Weyant and Whitney, 2005) .
Summed features represent groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 2 contains Iso-C 16:1 and/or C 14:0 3-OH; Summed feature 3 contains C 16:1 ω7C and/or C 16:1 ω6C; Summed feature 6 contains anteiso-C 18:0 and/or C 18:2 ω6, 9C. ND, the fatty acid was not detected.
Taxa: 1, Azospirillum palatum WW 10 T (Present study); 2, Azospirillum rugosum DSM 19657 T (Young et al., 2008) ; 3, Azospirillum canadense LMG 23617 T (Mehnaz et al., 2007a) ; 4, Azospirillum brasilense ATCC 29145 T (Mehnaz et al., 2007a Bootstrap values are shown as percentages of 1,000 replicates. Only bootstrap values above 50% are shown. GenBank accession numbers are shown in parentheses. Bar, 0.02 nucleotide substitutions per 100 bp. The maximum-parsimony tree showed essentially the same topology (data not shown). galactose, D-gentiobiose, gluconate, glycerol, inositol, inulin, 5-keto-gluconate, D-lactose, D-melezitose, melibiose, α-methyl-D-glucoside, α-methyl-D-mannoside, β-methyl-D-xyloside, D-raffi nose, L-rhamnose, sorbitol, L-sorbitose, D-tagatose, xylitol and L-xylose are not utilized (API 50CHB tests). The fatty acid profi le contains C 18:1 ω7C (35.9%), cyclo-C 19:0 ω8C (32.1%), C 16:0 (13.0%), Summed feature 2 (4.7%), C 16:0 3-OH (3.1%), C 18:0 (3.0%), C 18:0 3-OH (1.4%) and Summed feature 6 (1.1%). The respiratory quinone system consists of a large amount of Q-10 and a moderate component of Q-9 with a molar ratio of about 2 1. The type strain, WW 10 T (=LMG 24444 T =KCTC 13200 T = CCTCC AB 207189 T ), was isolated from forest soil in Zhejiang province, China. The DNA G+C content for the type strain is 67.3 mol% (HPLC).
